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1.0 INTRODUCTION

Eco—Systems, Inc. (Eco-Systems) has been retained by Hercules, Incorporated (Hercules)to prepare this Remedial Action Evaluation (RAE) for the Hercules, specialty chemicalmanufacturing facility located in Hattiesburg, Mississippi. The location of the Herculesfacility is shown on Figure 1. This RAE has been prepared in response to a request fromthe Mississippi Department of Environmental Quality (MDEQ) to address environmentalconcerns at the Hercules facility located in Hattiesburg, Mississippi.

The contents of this RAE have been compiled based on existing site information fromhistorical site investigations and communication between representatives of Hercules andthe MDEQ. A summary of historical site investigations is provided in Section 1.3. ThisRAE includes discussion of remedial action related to the following areas of the Herculesfacility based on the data available:

• The sludge pits,
• The former landfill,
• The groundwater containing volatile organic compounds (VOC5), semi-volatile organic compounds (SVOC), Dioxathion, and Dioxenethion, and• Green’s Creek.

These four areas are shown on the site plan, which is included as Figure 2. Each of theremedial options considered for the four areas at the Hercules facility is evaluated basedon the following criteria:

• Long-term effectiveness,
• Potential to reduce the mobility, toxicity or volume,
• Short-term effectiveness,
• Implementability, and
• Cost efficiency.

These criteria are evaluated with respect to protection of human health and theenvironment. The Target Remediation Goals (TRGs) identified in the MDEQBrownfields program are used as a benchmark to evaluate the protection of human healthand the environment. The TRGs are found in the Tier I Target Remedial Goal Table ofthe Final Regulations Governing Brownfields Voluntary Cleanup And Redevelopment InMississippi, published by the Mississippi Commission on Environmental Quality andadopted May 1999 and revised March 2002. For each of the four areas at the Herculesfacility, the most cost efficient remedial action that is protective of human health and theenvironment and that may be reasonably implemented has been selected forimplementation at the site.

e:\data\prqects\HER\HER22O69\HER Remedia’ Action Evaluation
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1.1 BAcKGRouND

Site investigations at the Hercules facility in Hattiesburg, Mississippi, which wereconducted between April 1999 and November 2003, are discussed in the InterimGroundwater Monitoring Report (Eco-Systems, January 2003), the Hercules SiteInvestigation Report (Eco-Systems, April 2003), and the Supplemental Site InvestigationReport (Eco-Systems, November 2004). The findings of the site investigations includethe following:

• Detection of volatile organic compounds (VOCs) in groundwater atconcentrations above Target Remediation Goals (TRGs) in portions of thesite,
• Delineation of the lateral limits of the Landfill based on geophysicalinvestigation,
• Presence of VOCs and Dioxathion at concentrations less than TRGs in surfacewater and sediment samples collected from Green’s Creek, and• Presence of VOCs and Dioxathion in one of three groundwater monitoringwells located hydraulically downgradient of the sludge pits.

Site investigations indicated that neither VOCs nor Dioxathion at concentrations aboveTRGs are migrating via groundwater or surface water onto off-site properties. Some ofthe VOCs detected in Green’s Creek were detected in samples collected from the locationwhere Green’s Creek enters the property, which indicates that, at least, some of the VOCsare due to upstream, off-site, sources.

1.2 PuRPosE AND SCOPE

The purpose of this RAE is to evaluate the most practical potential remedial options foreach of the four areas of the site to be considered and identify the most cost effectiveremedial option that can be readily implemented and is protective of human health andthe environment. The scope of this RAE involves a preliminary review of standardmethods and technologies for remediation of each of the four areas of the site to beconsidered. Each potential remedial option has been reviewed for the following criteria:

• Long-term effectiveness of the method in protecting human health and theenvironment,
• Reduction of mobility, toxicity or volume of contamination,
• Near-term effectiveness in minimizing exposure to contamination,• Implementability of proposed remedial options, and
• Cost effectiveness of the remedial option.

e:\data\projects\HER\HER22069\HER Remedial Action Evaluation Page 2
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The cost evaluations are considered in terms of start-up costs and operations andmaintenance costs. Operations and maintenance costs are shown in terms of presentvalue assuming 5-year project life span and a 30-year project lifespan.

1.3 SITE OVERVIEW

The Hercules facility is located on approximately 200 acres of land north of WestSeventh Street in Hattiesburg, Forrest County, Mississippi. More specifically, the Site islocated in Sections 4 and 5, Township 4 North, Range 13 West, just north of Hattiesburg,Mississippi (Figure 1). The facility has been in operation since 1923. The facility isbordered to the north by Highway 43 and Illinois-Central & Gulf Railroad, along withvarious residential and commercial properties. The southern property boundary isbordered by 7th Avenue; and by a cemetery and Zeon Chemical Company to thesouthwest. Across from these locations are residential areas. The eastern and westernboundaries are bordered by sparsely populated residential areas.

The facility’s historical operations consisted of wood grinding, shredding, extraction,fractionation, refining, distillation, and processing of rosin from pine tree stumps.Historically, over 250 products were produced from the above-referenced operations andincluded: modified resins, polyamides, ketene dimer, crude tall oil wax emulsions, andDelnav, an agricultural miticide. Structures at the facility include offices, a laboratory, apowerhouse, production buildings, a wastewater treatment plant, settling ponds, alandfill, and central loading and packaging areas.

Previous investigations at the Hercules facility have centered on efforts to determinewhether the miticide, Dioxathion, was present in site soil and groundwater. The work hasincluded soil, groundwater, surface water, and stream sediment sampling and analysis.The work has also included geophysical investigation to delineate the limits of thelandfill and to investigate the potential for buried metal in a location identified by theMDEQ. The results of previous investigations are discussed in reports, which have beensubmitted to the MDEQ. The reports listed below have been previously submitted to theMDEQ and form the basis for the site model on which this remedial action evaluation hasbeen developed.

1. Site Inspection Report, B&V Waste Science and Technology Corp.,April, 1993.
2. Work Plan for Well Installation, Bonner Analytical Testing Company; June,1997.
3. Installation, Sampling, and Analysis Report, Bonner Analytical TestingCompany; December, 1997.
4. Quarterly Monitor Well Sampling Event Reports, Bonner Analytical TestingCompany; June, 1998 through October, 1998.5. Site Investigation Work Plan, Eco-Systems, Inc., February 1999.6. Interim Groundwater Monitoring Report, Eco-Systems, Inc. January 2003.

e:\data\proects\HER\HER22O69\HER Remedial Action Evaluation
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7. Site Investigation Report, Eco-Systems, Inc., April 2003.8. Work Plan for Supplemental Site Investigation, Eco-Systems, Inc., June 2003.9. Supplemental Site Investigation Report, Eco-Systems, Inc., November 2003.
This flst of documents is not intended to be an exhaustive list of communications betweenHercules and the MDEQ. However, review of these documents would provide a morecomprehensive understanding of the facility history and site conceptual model than ispresented in this remedial action evaluation.

The information discussed in the listed documents indicates that sources, source areaconcentrations, and vertical and horizontal extent of groundwater containing constituentsof concern have been defined sufficiently for site modeling and remedial planningpurposes. The existing data do not indicate that the site poses a significant threat tohuman health and the environment in its current use as a chemical production facility.However, if changes in land use occur or additional information is obtained, the currentrisk scenario for the site could also change.

The following sections discuss the four areas of environmental concern at the Herculesfacility and the various remedial options that have been considered for each area.Remedial options for the sludge pits are discussed in Section 2.0. Remedial options forthe landfill are discussed in Section 3.0. Remedial options for groundwater are discussedin Section 4.0, and remedial options for Green’s Creek are discussed in Section 5.0. Therecommended options for each of the four areas are discussed in Section 6.0.

e:\data\projects\HER’HER22069\HER Remedial Action Evalualion
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2.0 SLUDGE PITS

The sludge pits, which were used to dispose of solids generated in Hercules wastewatertreatment plant, are shown on Figure 3. Use of the sludge pits was discontinued in 2001as agreed upon with MDEQ. The most recent groundwater monitoring data collectedfrom monitoring wells downgradient of the sludge pits do not indicate that concentrationsof VOCs, Dioxathion and Dioxenethion above TRGs are migrating from the sludge pits.Direct exposure to potential constituents in the sludge could exist for workers at the siteand for wildlife. The potential exists for indirect exposure from potential constituents inthe sludge due to natural weather events overflowing the berms of the pits.
Data collected in support of this RAE found that the sludge in the pits, which extend overan area of approximately 4 acres, ranges from approximately three feet to five feet deep,depending on location. The sludge is underlain by alluvial soils of varying thickness.The alluvial soils are underlain by the Hattiesburg Formation. The HattiesburgFormation, which has been described as dense, gray, silty clay, has been encountered inall site borings that have penetrated the overlying alluvial material. Site soil boring dataindicate that the lithology of the Hattiesburg Formation is consistent across the site. Inpreparation for this RAE, exploratory boring EB- 1 was installed in the northern extremityof the site to obtain site specific information for thickness and vertical permeability of theHattiesburg Formation. Information obtained from boring EB-1 indicates that theHattiesburg formation is at least 20 feet thick beneath the site and has a hydraulicconductivity of approximately 1.28 x 1 0 centimeters per second (cm!sec). Copies of thegeotechnical laboratory report for the sample collected from the Hattiesburg Formation isincluded in Appendix A. Copies of boring logs from the exploratory borings installedduring preparation for this RAE are included in Appendix B. The Hattiesburg formationwould, therefore, serve as a barrier to vertical migration of groundwater at the site.

In preparation for this RAE, three borings, PB- 1, PB-2, and PB-3 were installed withinthe sludge pits to obtain geotechnical information for the sludge. Locations of the pitborings are shown on Figure 2. Shear vane testing was conducted on the sludge in theborings, and samples of the sludge were submitted for grain size analysis andconsolidation testing.

Geotechnical evaluations of the sludge material indicates that the materials vary inconsistency, depending on moisture content. The drier sludge samples exhibited higherstrength characteristics and easily supported drilling equipment.

e:\data\projects\NER\}-1ER22069\HER Remedial Action Evaluation
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2.1 No ACTION

By definition, the “No Action” remedial option would not involve any furtherinvestigation, monitoring, or other remedial action.

2.1.1 Long- Term Effectiveness

Due to the age of the site and presence of sludge in the sludge pits for over 20 years, it isreasonable to assume that, any leaching of regulated chemical constituents present in thesludge has either already occurred or is in progress. The most recent groundwatermonitoring data from monitoring wells downgradient of the sludge pits (MW-4, MW-i0,and MW-i 1) and surface water and stream sediment monitoring data from Green’s Creekdo not indicate the presence of VOCs or dioxathion at concentrations above TRGs ineither groundwater or surface water. Therefore, unless there are changes in groundwateruse, surface water use or land use that would mobilize sludge constituents into thegroundwater, a no action remedial option should not result in greater risk to human healthand the environment than is currently present at the site. Current potential risks includeexposure to workers and wildlife, and the potential for release related to natural weatherevents and leaching.

2.1.2 Reduction ofMobility, Toxicity, or Volume

A “No Action” remedial option would not result in reduction of mobility or toxicity ofany chemical constituents that may be present in the sludge.

2.1.3 Near-Term Effectiveness

A “No Action” option would not result in any greater near-term risk to human health andthe environment than currently exists at the site. Since neither workers nor the publicwould be exposed to the sludge from activity related to remedial action, near-term risksare no different than those that currently exist. Current risks are discussed in Section2.1 .1.

2.1.4 Implementability

A “No Action” remedial option would be the most easily implemented option.

e:\data\projectsI-IER\HER22O69\HER Remedia) Action Evaluation
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2.1.5 Cost Efficiency

Since there would be no remediation, a “No Action” remedial option would be the mostcost efficient option.

2.2 INSTITUTIONAL CONTROLS

Institutional controls protect human health and the environment by limiting access toareas where exposure can occur (e.g. fence) and limiting the potential use of the affectedareas (e.g. deed restriction). With respect to the Hercules site, it is surrounded by a chainlink fence that limits public access to the entire Hercules site. However, the perimeterfence for the facility may be insufficient to prevent accidental access by site workers orsite intruders. Therefore, consideration of institutional controls for this RAE wouldinclude a deed restriction to limit future use of the sludge pits and nearby surroundingareas and the installation of a chain link fence around the perimeter of the sludge pits tofurther control access to the sludge pits. A fence around the perimeter of the sludge pitswould also serve as a marker of the edge of the deed restricted area and minimizeaccidental violations of the deed restriction.

A deed restriction would require agreement between Hercules and the MDEQ regardingthe exact boundaries of the area to be subject to the restriction. A physical survey of theagreed on boundaries and a plat drawing by a registered surveyor would then besubmitted with a revised deed to Forest County.

2.2.1 Long-Term Effectiveness

The deed restriction would effectively limit exposure to the sludge pits by prohibitingexcavation, intrusive activities, or any other use of the land surface or subsurface in therestricted area until such time as the deed restriction was lifted. The fence surroundingthe perimeter of the sludge pits would restrict access to the sludge pits and serve as amarker of the edge of the deed restricted area. However, neither the fence nor the deedrestriction would prevent wildlife exposure, or potential release from the pits due toweather events.

2.2.2 Reduction ofMobility, Toxicity, or Volume

Institutional controls would restrict exposure to the sludge pits but would not affect themobility, toxicity, or volume of any potential chemical constituents present in the sludgepits.

e:\data\projects\HER\HER22069\HER Remedial Action Evaluation Page 7
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2.2.3 Near-Term Effectiveness

Implementation of institutional controls would result in a decrease in potential for near-term exposure of workers or the public to any constituents that may be present in thesludge pits.

2.2.4 Implementabilily

Fence construction and the deed restriction could be readily implemented.

2.2.5 Cost Efficiency

Fence construction, deed restriction, and five years of fence maintenance would have anestimated present value of $44,850.00. Fence construction, deed restriction, and 30 yearsoffence maintenance would have an estimated present value of $53,159.00.

2.3 MoNIToRED NATURAL ATTENUATION

Monitored natural attenuation protects human health and the environment by allowingnatural processes, such as biological activity and inorganic geochemical processes, toreduce the concentrations of any constituents that may be present in the sludge. Periodicgroundwater monitoring is conducted to ensure that concentrations of constituents abovethe regulated concentrations do not migrate via groundwater beyond site boundaries orotherwise pose a risk to human health and the environment.

The most recent groundwater monitoring data indicates that neither VOCs nor dioxathionare present in concentrations above regulatory limits in groundwater samples collectedfrom monitoring wells installed in the vicinity of the sludge pits. Therefore, theconstituent concentrations at the Hercules site are well suited for application of monitorednatural attenuation. This evaluation of monitored natural attenuation includes use of theexisting monitoring wells, MW-2, MW-3, MW-4, MW-10 and MW-li. For costpurposes, monitored natural attenuation also includes a deed restriction to reduce thepotential exposure to human health and the environment during the groundwatermonitoring time period and construction of a fence to restrict access to the sludge pits.
Groundwater monitoring would be conducted annually for two years to establishgroundwater quality and hydrogeological parameters. Assuming that the results of theannual groundwater monitoring demonstrate that groundwater quality andhydrogeological parameters are stable or decreasing, the groundwater monitoringschedule would be decreased to a frequency appropriate to monitor changes in siteconditions. For this evaluation, it is assumed that groundwater monitoring frequency

e:\data\projects\HER’NER22069\HER Remedial Action Evaluation
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would continue on an annual schedule after completing the first two years of annualsampling. It is also assumed that groundwater monitoring would be required for a periodof at least 5 years and no more than 30 years. Data would be submitted to the MDEQafter each monitoring event, and annual reports of the effectiveness of the remedialoption would also be submitted the MDEQ. In practice, the number of wells required formonitoring as well as the frequency of monitoring would vary depending on changes insite conditions and regulatory requirements.

2.3.1 Long-Term Effectiveness

Monitored natural attenuation would be effective in the long-term at ensuring thatregulated chemical constituents potentially present in the sludge do not migrate viagroundwater onto surrounding properties. Monitored natural attenuation also ensures thatadequate advance warning is provided if the constituents potentially present in the sludgebegin migrating towards site boundaries or other potential receptors. However,monitored natural attenuation would not prevent wildlife exposure, or potential releasefrom the pits due to weather events.

2.3.2 Reduction ofMobility, Toxicity, or Volume

If regulated chemical constituents are present in the sludge, natural attenuation mayreduce the concentrations of those constituents. The time required for completedegradation of any chemical constituents that may be present in the sludge would varydepending on the nature of those constituents.

2.3.3 Near-Term Effectiveness

There would be little adverse, near-term impacts due to groundwater monitoring.Existing groundwater monitoring data indicates that groundwater sampling technicianswould not be exposed to contaminated groundwater. However, appropriate health, safetyand engineering precautions, would be taken to keep such risks that may arise in thefuture to a minimum.

2.3.4 Implementability

Groundwater monitoring could be readily implemented. The technologies are welldemonstrated and reliable. Standard equipment and sampling practices can be used forimplementation of sample collection and analysis.

e:\data\projects\HER\HER22069\HER Remedial Action Evaluation Page 9



Remedial Action Evaluation
Hercules Incorporated
Hattiesburg, Mississippi
July 2004

2.3.5 Cost Efficiency

The estimated present value to conduct monitored natural attenuation, including the costfor the institutional controls discussed in Section 2.2, for a period of 5 years isapproximately $78,800.00. The estimated present value for 30 years of monitored naturalattenuation is approximately $155,906.00.

2.4 CAPPING/CAPPING AND CONTAINMENT

For this alternative, the sludge pits would be graded and a soil cap would be installed toreduce the infiltration rate of water and, thus, the potential migration to groundwater ofpotential chemical constituents in the sludge. For this evaluation, the cap consisted of an18-inch thick clay infiltration layer overlain by a 6-inch thick erosion layer wasconsidered. The cap would be installed by grading the surface of sludge, installing theclay infiltration layer, installing the topsoil erosion layer, and seeding and mulching thetopsoil. The erosion layer would have a minimum grade of 4% grade. The configurationof the cap is illustrated in Figures 4 and 5. Periodic maintenance would be required toensure that the cap does not become compromised due to erosion or the roots of trees andother large vegetation.

For this evaluation, the cap would be augmented by a deed restriction to limit future useof the capped area and installation of a fence to restrict unauthorized access to the cappedarea. A groundwater monitoring program would also be instituted to ensure thatconstituents potentially present in the sludge do not migrate via groundwater intosurrounding areas.

If groundwater monitoring detects a significant release from the sludge pits, acontainment wall could also be installed around the perimeter of the sludge pits. Thecontainment wall would minimize migration of groundwater from beneath the sludge pitsinto surrounding areas. The containment wall would consist of a perimeter trenchbackfihled with bentonite-slurry. The containment wall would extend from the surfaceand key into the upper surface of the Hattiesburg Formation. Conceptual drawingsshowing the cap and containment wall are included as Figures 6 and 7. Boringinformation indicates that the upper surface of the Hattiesburg Formation isapproximately 12 to 17 feet below ground surface in the vicinity of the sludge pits.

2.4.1 Long-Term Effectiveness

A soil cap combined with a deed restriction, a fence, and a groundwater monitoringprogram would be reliable and effective over the long term in minimizing exposure andpotential release of constituents potentially present in the sludge. If site conditions

e:\data\projects\HER\HER22069\HER Remethal Action Ev&uation Page 10
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warrant, a containment wall would increase the effectiveness of this option by restrictingthe migration of groundwater between the pit areas and surrounding areas.

2.4.2 Reduction ofMobility, Toxicity, or Volume

The cap and, if necessary, the containment wall would minimize mobility of anyconstituents that may be present in the sludge pits.

2.4.3 Near-Term Effectiveness

There would be little, if any, near-term exposure to constituents that may be present inthe sludge pits due to installation of the cap or the containment wall. However,appropriate health, safety and engineering precautions, would be taken to keep such risksthat may arise to a minimum.

2.4.4 Implementability

Both the cap and the containment wall could be readily implemented. The technologiesare well demonstrated and reliable.

2.4.5 Cost Efficiency

The estimated cost to install the cap, as described, would be approximately $542,500.00which includes deed restriction and fence construction. The estimated operations andmaintenance cost for this option, including cap inspection and maintenance, groundwatermonitoring, and fence maintenance would be approximately $19,280.00 per year. Thepresent value for cap installation, deed restriction, and fence construction plus capmaintenance, fence maintenance, and groundwater monitoring would be approximately$621,552.00 for a 5-year period and $781,746.00 for a 30 year period.

Installation of a containment wall, if necessary would increase startup costs by$528,000.00. Operations and maintenance in addition to those required for the cap wouldnot be required.

e:\data\projects\HER\HER22069\HER Remedial Action Evaluation Page 11
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3.0 LANDFILL

The former industrial landfill is located immediately north of the main production areasof the plant. The layout of the landfill area is shown on Figure 8. The landfill receivednon-hazardous waste for a period of time that reportedly began in the 1950’s and endedin the early 1970’s. The landfill was then covered with soil to minimize exposure of thewaste matrix. Waste in the landfill, as demonstrated by the recent geophysical surveyand more recent excavation related to an adjacent water pipe, includes scrap metal, resin,fill dirt, and other solid waste historically generated by the facility. The aerial extent ofthe landfill is approximately 3.5 acres. Existing groundwater monitoring data indicatethat concentrations of VOCs and Dioxathion above TRGs are not migrating from theformer landfill area.

Site geological information indicates that the landfill is underlain by alluvial soils. Thealluvial soils are underlain by the Hattiesburg Formation. The Hattiesburg Formation,which has been described as dense, gray, silty clay, has been encountered in all siteborings that have penetrated the overlying alluvial material. Site soil boring data indicatethat the lithology of the Hattiesburg Formation is consistent across the site. Inpreparation for this RAE, exploratory boring EB- I was installed in the northern extremityof the site to obtain site specific information for thickness and vertical permeability of theHattiesburg Formation. Information obtained from boring EB-l indicates that theHattiesburg formation is at least 20 feet thick beneath the site and has a hydraulicconductivity of 1.28 x 1 0 cm/s. Copies of the geotechnical laboratory report for thesample collected from the Hattiesburg Formation is included in Appendix A, Threeadditional exploratory soil borings, EB-2, EB-3, and EB-4, were installed on the northand east sides of the landfill, which confirmed the presence of the Hattiesburg formationin the vicinity of the landfill. Copies of the boring logs for the exploratory borings areincluded in Appendix B. The Hattiesburg formation would, therefore, serve as a barrierto vertical migration of constituents that may potentially migrate from the landfillmaterials.

3.1 No AcTIoN

By definition, the “No Action” remedial option would not involve any furtherinvestigation, monitoring, or other remedial action.

3.1.1 Long-Term Effectiveness

Due to the age of the site and closure of the landfill over 30 years ago, it is reasonable toassume that, any leaching of regulated chemical constituents potentially present in the

e:\data\projects\HER\HER22069\HER Remedi& Action Evaluation
Page 12



Remedial Action Evaluation
Hercules Incorporated
Hattiesburg, Mississippi
July 2004

landfill has either already occurred or is in progress. The most recent groundwatermonitoring data from monitoring well MW-5, which is located downgradient of thelandfill, does not indicate the presence of VOCs or dioxathion at concentrations aboveTRGs. However, future changes in land use could expose landfill materials at the surfaceand/or mobilize constituents from the landfill into the groundwater or nearby surfacewater. Therefore, a “no action” remedial option could result in greater risk to humanhealth and the environment than is currently present at the site.

3.1.2 Reduction ofMobility, Toxicity, or Volume

A “No Action” remedial option would not result in reduction of mobility or toxicity ofany chemical constituents that may be present in the landfill.

3.1.3 Near-Term Effectiveness

A “No Action” option would not result in any greater near-term risk to human health andthe environment than currently exists at the site. Since neither workers nor the publicwould be exposed to landfill materials from activity related to remedial action, near-termprotection of human health and the environment would be achieved.

3.1.4 Implementability

Since there would be nothing to implement, a “No Action” remedial option would be themost easily implemented option.

3.1.5 Cost Efficiency

Since there would be no remediation, a “No Action” remedial option would be the mostcost efficient option.

3.2 iNsTITuTIoNAL CONTROLS

Institutional controls protect human health and the environment by limiting access toareas where exposure can occur (e.g. fence) and limiting the potential use of the affectedareas (e.g. deed restriction). With respect to the Hercules site, it is surrounded by chainlink fence that limits public access to the entire Hercules site. Since the landfill poses noimmediate hazard at the surface, additional fencing around the perimeter of the landfill isnot considered to be necessary.
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A deed restriction would require agreement between Hercules and the MDEQ regardingthe exact boundaries of the area to be subject to the restriction. A physical survey of theagreed on boundaries and a plat drawing by a registered surveyor would then besubmitted with a revised deed to Forest County.

3.2.1 Long-Term Effectiveness

The deed restriction would effectively limit exposure to the landfill by prohibitingexcavation, intrusive activities, or any other use of the land surface or subsurface in therestricted area until such time as the deed restriction was lifted. The fence surroundingthe perimeter of the Hercules site restricts access to the landfill by all except Herculesemployees and others admitted to the site by Hercules.

3.2.2 Reduction ofMobility, Toxicity, or Volume

Institutional controls would restrict exposure to the landfill and damage to the soil coverbut would not affect the mobility, toxicity, or volume of any potential chemicalconstituents present in landfill materials.

3.2.3 Near-Term Effectiveness

Implementation of institutional controls would not result in increased, near-term exposureof workers or the public to any constituents that may be present in the landfill.

3.2.4 Implementability

A deed restriction could be readily implemented.

3.2.5 Cost Efficiency

Deed restriction would have an estimated start-up cost of approximately $10,000.00 withno maintenance costs.

3.3 MoNIToRED NATURAL ATTENUATIoN

Monitored natural attenuation protects human health and the environment by allowingnatural processes, such as biological activity and inorganic geochemical processes, toreduce the concentrations of any constituents that may be present in landfill materials.
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The most recent groundwater monitoring data indicates that neither VOCs nor dioxathionare present in concentrations above regulatory limits in groundwater samples collectedfrom monitoring well MW-5, which is located downgradient of the landfill. Therefore, inconsideration of constituent concentrations the Hercules site is suitable for application ofmonitored natural attenuation. This evaluation of monitored natural attenuation includesthe use of existing monitoring wells, MW-5, and MW-6, and installation of three newmonitoring wells to be installed on the north, east, and west sides of the landfill.

For cost purposes, this evaluation of monitored natural attenuation also includes a deedrestriction to limit future use of the landfill.

This evaluation assumes that groundwater and surface water monitoring would beconducted annually for two years to establish groundwater quality and hydrogeologicalparameters. Assuming that the results of the annual groundwater monitoring demonstratethat groundwater quality and hydrogeological parameters are stable or decreasing, thegroundwater monitoring schedule would be decreased to a frequency appropriate tomonitor changes in site conditions. For this evaluation, it is assumed that groundwatermonitoring frequency would continue on an annual schedule after completing the firsttwo years of annual sampling. It is also assumed that groundwater monitoring would berequired for a period of at least 5 years and no more than 30 years. Data would besubmitted to the MDEQ after each monitoring event, and annual reports of theeffectiveness of the remedial option would also be submitted the MDEQ. In practice, thenumber of wells required for monitoring, as well as the frequency of monitoring, wouldvary depending on changes in site conditions and regulatory requirements.

3.3.1 Long Term Effectiveness

Monitored natural attenuation would be effective in the Iongterm at ensuring thatregulated chemical constituents potentially present in the landfill do not migrate viagroundwater or surface runoff onto surrounding properties. Monitored naturalattenuation also ensures that adequate advance warning is provided if the constituentspotentially present in the landfill begin migrating towards site boundaries or otherpotential receptors.

3.3.2 Reduction ofMobility, Toxicity, or Volume

If regulated chemical constituents are present in the landfill, natural attenuation mayreduce the concentrations of those constituents. The time required for completedegradation of any chemical constituents that may be present in the landfill would varydepending on the nature of those constituents.
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3.3.3 Near-Term Effectiveness

There would be little adverse, near-term impacts related to groundwater monitoring.Existing groundwater monitoring data indicates that groundwater sampling technicianswould not be exposed to contaminated groundwater. However, appropriate health, safetyand engineering precautions, would be taken to keep such risks that may arise in thefuture to a minimum.

3.3.4 Implementability

Groundwater monitoring could be readily implemented. The technologies are welldemonstrated and reliable. Standard equipment and sampling practices can be used forimplementation of sample collection and analysis.

3.3.5 Cost Efficiency

The estimated present value to install three additional monitoring wells and conductmonitored natural attenuation as described in Section 3.3 for a period of 5 years isapproximately $48,950.00. The estimated present value to install three monitoring wellsand conduct monitored natural attenuation for a period of 30 years is approximately$117,747.00.

3.4 HoRIzoNTAL CONTAINMENT

For this alternative, a containment wall could also be installed around the approximately1,530 feet long perimeter of the landfill. The containment wall would minimizemigration of groundwater from beneath the landfill into surrounding areas. Thecontainment wall would consist of a perimeter trench backfihled with bentonite-slurry.The containment wall would extend from the surface to a depth of approximately 2 feetbelow the upper surface of the Hattiesburg Formation. Conceptual drawings of thelandfill cap and containment wall are included as Figures 9 and 10. Boring informationindicates that the upper surface of the Hattiesburg Formation is approximately 12 to 22feet below ground surface in the vicinity of the landfill.

For this evaluation, the containment wall would be augmented by a deed restriction tolimit future use of the landfill and installation of a fence to restrict unauthorized access tothe capped area. A groundwater monitoring program would also be instituted to ensurethe containment wall adequately mitigates migration of constituents potentially containedin the landfill via groundwater into surrounding areas.
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3.4.1 Long Term Effectiveness

A containment wall would be reliable and effective reducing horizontal groundwater
migration over the long-term.

3.4.2 Reduction ofMobility, Toxicity, or Volume

The containment wall would minimize mobility of any constituents that may be present
in the landfill.

3.4.3 Near-Term Effectiveness

There would be little, if any, near-term exposure to constituents that may be present in
the landfill due to installation of a containment wall. However, appropriate health, safety
and engineering precautions, would be taken to keep such risks that may arise to a
minimum.

3.4.4 Implementability

A containment wall could be readily installed. The technologies are well demonstrated
and reliable.

3.4.5 Cost Efficiency

The estimated cost to install a containment wall around the landfill, including the cost of
monitoring well installation and deed restriction would be approximately $572,800.00.
The estimated operations and maintenance cost for this option, which includes
groundwater monitoring would be approximately $8,280.00 per year. The present value
for installation of the containment wall, well installation, deed restriction, and fence
construction plus fence maintenance and groundwater monitoring would be
approximately $596,750.00 for a 5-year period and $665,547.00 for a 30 year period.
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4.0 GROUNDWATER CONTAMINATION

While isolated detections of VOCs in groundwater samples have occurred in other areas
of the site, this RAE is concerned primarily with the area of the Hercules facility that is
located north of the main plant area and south of the landfill area. Concentrations of
VOCs above their respective TRGs have been detected in groundwater samples collected
from permanent and temporary monitoring located in this area. Various other VOCs and
semi-volatile organic compounds (SVOCs), including Dioxathion, have been detected in
groundwater at concentrations less than TROs. The extent of groundwater containing
concentrations of VOCs above their respective TRGs was generally confined laterally to
an area of the site that includes the northern portion of the active plant area and the
southern portion of the former landfill. Benzene, which has a relatively low TRG, is the
most widespread VOC detected in groundwater samples collected from the site.
Therefore, the area in which benzene was detected (Figure 13) is used as an indicator of
the limits of the area addressed by this evaluation.

The Hattiesburg Formation, which has been described as dense, gray, silty clay, has been
encountered in all site borings that have penetrated the overlying alluvial material. Site
soil boring data indicate that the Hattiesburg Formation is consistent across the site. In
preparation for this RAE, exploratory boring EB- 1 was installed in the northern extremity
of the site to obtain site specific information for thickness and vertical permeability of the
Hattiesburg Formation. Information obtained from boring EB-1 indicates that the
Hattiesburg formation is at least 20 feet thick beneath the site and has a hydraulic
conductivity of 1.28 x 1 0 cm/sec. Copies of the geotechnical laboratory report for the
sample collected from the Hattiesburg Formation is included in Appendix A. Copies of
boring logs for borings installed in preparation of the RAE are included in Appendix B.
The Hattiesburg formation would, therefore, serve as a barrier to vertical migration of
groundwater at the site.

In preparation for this RAE, Eco-Systems conducted slug testing on three site monitoring
wells, MW-2, MW-6, and MW-7. Estimates of hydraulic conductivity were calculated
using methods described by Bouwer & Rice2. Hydraulic conductivity estimates fell into
a relatively narrow range from 1.31 x i0 cm/sec for MW-7 to 4.19 x i0 cm/sec for
MW-2. Hydraulic conductivity calculations are included in Appendix C. Using the
mean of the hydraulic conductivity estimates and potentiometric data from October 31,
2003, horizontal seepage velocities from three areas of the site were estimated using the
equation Q=ki/n, where Q is the horizontal seepage velocity, k is hydraulic conductivity, i
is the hydraulic gradient, and n is the porosity. A porosity of 35% was used based on

Bouwer, H & Rice, R.C., A Slug Test for Determining Hydraulic Conductivity of Unconfined Aquifers
With Completely or Partially Penetrating Wells, Water Resources Research, Vol. 12, No. 3, June 1976.2 Bouwer, H, The Bouwer and Rice Slug Test — An Update, Groundwater, Vol. 27, No. 3, May-June 1989.
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typical porosity values published by Freeze and Cherry3. The estimated seepage velocityfor the portion of the site that includes the landfill and the northern areas of the activeplant is approximately 179 feet/year. Seepage velocity calculations are included inAppendix C.

Using the estimated horizontal seepage velocity of 179 feet/year, groundwaterconstituents detected in monitoring well MW-8 would migrate the approximately 800feet to Green’s Creek in approximately 4 V2 years. (Monitoring well MW-8 was used forthis hypothetical discussion due to the relatively high concentrations of VOCs that havebeen detected in groundwater samples collected from MW-8.) However, as discussed inthe Supplemental Site Investigation Report, except for a detection of naphthalene in inone location, groundwater containing VOCs above TRGs was not detected ingroundwater samples collected from sampling locations located on the east side of therailroad track that runs adjacent to the west side of the landfill. Analytical data indicatethat groundwater containing VOCs migrates considerably slower than calculatedhydrogeological parameters would indicate. Possible mechanisms for the slowerconstituent migration could include inhomogeneity in the soils, biological activity, andgeochemical reactions with inorganic constituents (e.g. iron) in soil and fill materialsbeneath the site.

4.1 No ACTION

By definition, the “No Action” remedial option would not involve any furtherinvestigation, monitoring, or other remedial action.

4.1.1 Long-Term Effectiveness

Due to the age of the site and the likelihood that the VOCs detected in groundwatersamples at the site have been present for over 20 years, it is reasonable to assume that, ifadditional constituents are not introduced to the groundwater, groundwater conditionseither remain constant or, possibly, improve. Therefore, unless there are changes ingroundwater use or land use, a no action remedial option should not result in greater riskto human health and the environment than is currently present at the site. If, over time,natural attenuation results in reduced concentrations of VOCs in groundwater, the risk tohuman health and the environment from groundwater constituents at the site woulddecrease. However, a “no action” would not provide any advance warning of migrationcaused by site changes, nor would it prevent accidental exposure due to excavation orconstruction in the area.

Freeze, R.A. & Cherry, J, Groundwater, p. 37, 1979.
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4.1.2 Reduction ofMobility, Toxicity, or Volume

A “No Action” remedial option would not result in reduction of mobility or toxicity of
the VOCs detected in groundwater. However, natural attenuation would cause a
reduction in concentration (volume) of the VOCs detected in groundwater. The time
required for natural attenuation of the VOCs detected in groundwater to concentrations
less than their respective TRGs is not known.

4.1.3 Near-Term Effectiveness

A “No Action” option would not result in any greater near-term risk to human health and
the environment than currently exists at the site. Since neither workers nor the public
would be exposed to the affected groundwater from activity related to remedial action,
near-term protection of human health and the environment would be achieved.

4.1.4 Implementability

Since there would be nothing to implement, a “No Action” remedial option would be
most easily implemented option.

4.1.5 Cost Efficiency

Since there would be no remediation, a “No Action” remedial option would be the most
cost efficient option.

4.2 INsTITUTIoNAL CONTROLS

Institutional controls protect human health and the environment by limiting access to
areas where exposure can occur (e.g. fence), limiting the potential use of the affected
areas (e.g. deed restriction), and isolation of the affected area to reduce the mobility of
the constituents and exposure pathways (e.g. engineered cap). With respect to the
Hercules site, it is already surrounded by chain link fence that limits public access to the
entire Hercules site. Access to affected groundwater is further limited by the presence of
several feet of overlying, unsaturated soils. Therefore, consideration of institutional
controls for this RAE would be confined to use of a deed restriction to limit future use of
affected area.

A deed restriction would require agreement between Hercules and the MDEQ regarding
the exact boundaries of the area to be subject to the restriction. A physical survey of the
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agreed on boundaries and a plat drawing by a registered surveyor would then be
submitted with a revised deed to Forest County.

4.2.1 Long-Term Effectiveness

The deed restriction would limit exposure of affected groundwater by prohibiting
excavation or other intrusive activities in the restricted area until such time as the deed
restriction was lifted. However, the deed restriction would not provide advance warning
of migration caused by site changes.

4.2.2 Reduction ofMobility, Toxicity, or Volume

Institutional controls would restrict exposure to the affected groundwater but would not
affect the mobility, toxicity, or volume of affected groundwater.

4.2.3 Near-Term Effectiveness

Implementation of institutional controls would not result in increased, near-term exposure
of workers or the public to affected groundwater.

4.2.4 Implementability

The fence is already in place. The deed restriction could be readily implemented.

4.2.5 Cost Efficiency

The estimated present value to implement the deed restriction and maintain the fence is
approximately $14,100.00 for a 5-year period and approximately $22,409.00 for a 30-
year period.

4.3 MorwroREi NATuRAL ATTENUATION

Monitored natural attenuation protects human health and the environment by allowing
natural processes, such as biological activity and inorganic geochemical processes, to
reduce the concentrations of groundwater constituents. Periodic groundwater monitoring
is conducted to ensure that concentrations of constituents above the regulated
concentrations do not migrate beyond site boundaries or otherwise pose a risk to human
health and the environment.
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Since groundwater quality information for the Hercules site indicates that groundwater
containing VOCs above regulatory limits is confined to site boundaries, the Hercules site
is suitable for application of monitored natural attenuation. This evaluation of monitored
natural attenuation includes use existing monitoring wells, MW-7, MW-8, and MW-9 and
the installation and monitoring of two new downgradient monitoring wells. For cost
estimating purposes, the monitored natural attenuation alternative also includes a deed
restriction to reduce the potential exposure to human health and the environment during
the groundwater monitoring time period.

This evaluation assumes that groundwater monitoring would be conducted annually for
two years to establish groundwater quality and hydrogeological parameters. Assuming
that the results of the annual groundwater monitoring demonstrate that groundwater
quality and hydrogeological parameters are stable or decreasing, the groundwater
monitoring schedule would be decreased to a frequency appropriate to monitor changes
in site conditions. For this evaluation, it is assumed that groundwater monitoring
frequency would continue on an annual schedule. It is also assumed that groundwater
monitoring would be required for a period of at least 5 years and no more than 30 years.
Data would be submitted to the MDEQ after each monitoring event, and annual reports of
the effectiveness of the remedial option would also be submitted the MDEQ. In practice,
the number of wells required for monitoring, as well as the frequency of monitoring,
would vary depending on changes in site conditions and regulatory requirements.

4.3.1 Long-Term Effectiveness

Monitored natural attenuation would be effective in the long term at ensuring that natural
degradation of VOCs is occurring and that adequate advance warning is provided if the
groundwater constituents, for whatever reasons, begin migrating towards, or beyond, site
boundaries or other potential receptors.

4.3.2 Reduction ofMobility, Toxicity, or Volume

Natural attenuation has been shown, in most cases, to reduce the concentrations of
groundwater constituents. The time required for complete success of natural attenuation
varies greatly from site to site, but the time required is usually measured in years.

4.3.3 Near-Term Effectiveness

There would be little adverse, near-term impacts due to well installation and groundwater
monitoring. Drilling subcontractor personnel and groundwater sampling technician may
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temporarily be exposed to groundwater containing VOCs. However, with appropriate
health, safety and engineering precautions, such risks are kept to a minimum.

4.3.4 Implementability

Well installation and groundwater monitoring could be readily implemented. The
technologies are well demonstrated and reliable. Standard equipment and construction
practices can be used for implementation of the monitoring wells and collecting the
samples.

4.3.5 Cost Efficiency

The estimated present value to install two additional monitoring wells and conduct
monitored natural attenuation as described in Section 4.3 for a period of 5 years is
approximately $43,950.00. The present value to install two monitoring wells and
conduct monitored natural attenuation for a period of 30 years is approximately
$112,747.00.

4.4 IN-SITU TREATMENT

In-situ groundwater remediation includes several recently developed methods of reducing
the toxicity and/or volume of the constituents of concern in groundwater. Typically, In-
Situ treatment for VOCs includes methods such as air-sparging, thermal treatment by
steam injection, enhanced bioremediation, chemical oxidation, and permeable reactive
barriers. For the Hercules facility, in-situ treatment by chemical oxidation using injected
chemical oxidents, such as potassium permanganate, hydrogen peroxide, and Fenton’s
Reagent was evaluated.

Chemical oxidation was chosen for evaluation for the Hercules site due to its adaptability
to a variety of hydrogeological conditions, relatively rapid remediation time,
effectiveness treating organic compounds in soil or water, effectiveness treating a wide
variety of VOCs at varying concentrations, and it’s relatively lower expense.

The volume of soil and groundwater where previous investigations have detected
concentration of VOCs above TRGs is considered for treatment. An estimated 50,000
cubic yards of soil and groundwater are included in this evaluation. The volume estimate
assumes an area treated that is approximately the area encompassed by the concentration
of benzene in groundwater (Figure 11) that is above the TRG that has been multiplied by
an estimated average thickness of the saturated interval. The area is somewhat irregular
and the depth to the top of the Hattiesburg formation varies. The 50,000 cubic yard
estimate may be somewhat overstated, but it includes some additional volume to provide
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for any potential areas of contaminated soils and local variations in the thickness of the
saturated interval.

Treatment would be accomplished by injection of the chemical oxidant into the
subsurface and allowing time for the oxidant to react with the organic compounds.
Oxidation typically is complete within the three to six days after injection. However,
VOCs may be present in low permeability areas within the subsurface, and
concentrations of VOCs may rebound in the groundwater over time. Often, up to three
injections of the chemical oxidant are required to reduce the concentrations of VOCs to
the point where re-bound of concentrations above regulatory limits does not occur. For
this evaluation, it is assumed that after the initial treatment of the affected area, two
additional treatments of “hotspot” areas would also be required. This evaluation also
includes five years of annual groundwater monitoring to provide detection of potential
rebound after the final treatment.

A variety of chemical oxidation products are currently available for treating soil and/or
groundwater, and, should this remedial option be selected, bench-scale testing would be
conducted to select the best available product. However, for purposes of discussion and
budget preparation in this RAE, the chemical oxidant used would be either normal
hydrogen peroxide or Fenton’s Reagent. Fenton’s reagent, which is a hydrogen peroxide
solution containing soluble iron, is a very strong oxidizer and is often more effective than
hydrogen peroxide when treating chlorinated hydrocarbons.

4.4.1 Long-Term Effectiveness

Chemical oxidation would permanently reduce the volume of organic compounds present
in the subsurface, and would, therefore, be effective in the long-term. Long term
maintenance of the remedial system would not be required.

4.4.2 Reduction ofMobility, Toxicity, or Volume

Chemical oxidation permanently reduces the volume of organic contaminants by
oxidizing the organic compounds in the subsurface.

4.4.3 Near-Term Effectiveness

Strong oxidizers in the presence of organic materials are a fire hazard, and workers
handling strong oxidizing chemicals, such as Fenton’s Reagent, must exercise diligent
care. Also, chemical oxidation is an exothermic reaction, mixture of the oxidizing
chemicals in the wrong concentration may result in vigorous reactions in the subsurface.
There is also a near-term risk of exposure to subsurface constituents during installation of
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injection points and injection of the oxidizing chemicals. However, with appropriate
health, safety and engineering precautions, such risks are kept to a minimum.

4.4.4 Implementability

Chemical oxidation could be readily implemented at the site. Standard equipment would
be used to install injection points. Bench scale testing would be required to determine the
correct concentration of chemical oxidant to inject.

4.4.5 Cost Efficiency

For an estimated 50,000 cubic yards of soil and groundwater to be treated, the cost to
conduct chemical oxidation would be approximately $1,098,250.00. The cost to install
two additional monitoring wells and conduct annual groundwater monitoring for 5 years
following the groundwater treatment would be approximately $43,950.00. Assuming that
this remedial option performs as designed, additional monitoring would not be required.

4.5 GRouNDwATER RECOVERY! RECOVERY AND TREATMENT

Groundwater recovery entails installation and pumping of a series of groundwater
production wells. When groundwater is pumped from the wells, contaminants contained
in the groundwater are removed from the subsurface and the normal downgradient
migration of groundwater containing contaminants is interrupted. Depending on the
concentrations of contaminants, the groundwater recovered by the system may be either
discharged directly to the municipal wastewater system or treated on site prior to
discharge. For this RAE, both scenarios are considered.

Based on existing hydrogeologic and geologic information for the site, and estimated five
recovery wells pumped at a combined rate of approximately 7, 500 gallons per day (gpd)
would be necessary to capture groundwater migrating from the area where VOCs have
been detected above TRGs. However, variations in site geology could either increase or
decrease the number of wells and the estimated discharge.

Treatment of groundwater containing VOCs is accomplished by a variety of means,
which include air stripping, thermal and chemical oxidation, and carbon filtration. For
this evaluation, it is assumed that, that groundwater recovered by the system could be
treated using air stripping technology. Air stripping entails aerating water to allow VOCs
contained in the water to volatalize. For cost estimating purposes, it is assumed that total
VOC concentrations in the effluent gas from the air stripper could be released directly to
the atmosphere. However, treatment of effluent gas from the air stripper may be required
if VOC concentrations exceed regulatory limits.
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4.5.1 Long-Term Effectiveness

Groundwater recovery has been proven effective at minimizing downgradient migration
of groundwater contamination. Treatment of groundwater containing VOCs by air
stripping has been proven effective at reducing the volume of VOCs in the treated water.
Periodic groundwater monitoring of the effectiveness of both the groundwater recovery
system and the groundwater treatment system is necessary to ensure that the groundwater
recovery system is effective and minimizing downgradient migration of contaminants.

It should be noted that halogenated hydrocarbon solvents, like many of the VOCs
detected in groundwater samples collected from the Hercules site, have proven difficult
to remove from the subsurface using groundwater recovery systems. Typically,
concentrations of halogenated hydrocarbon solvents rebound quickly after groundwater
recovery has ceased. While pump and treat systems are effective at controlling migration
of contaminated groundwater, cleanup of groundwater using pump and treat systems may
require 10 years or more to complete, depending on site specific factors.

4.5.2 Reduction ofMobility, Toxicity, or Volume

By pumping groundwater from the production wells, groundwater containing regulated
constituents above regulatory limits is removed from the subsurface. Groundwater
recovery also creates a cone of depression in the vicinity of each of the production wells,
which limits downgradient migration of groundwater.

4.5.3 Near-Term Effectiveness

There would be little adverse, near-term impacts due to well installation and groundwater
monitoring. Drilling subcontractor personnel and groundwater sampling technicians
would temporarily be exposed to groundwater containing VOCs. However, with
appropriate health, safety and engineering precautions, such risks are kept to a minimum.

4.5.4 Implementability

The technologies are well demonstrated and reliable. Standard equipment and
construction practices can be used for implementation of the components of this
alternative.
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4.5.5 Cost Efficiency

The cost to install a groundwater recovery system and two additional monitoring wells
would be approximately $118,100.00. If it is necessary to treat the recovered
groundwater. the groundwater treatment system would cost an estimated $250,700.00 to
install. The estimated operations and maintenance cost for this option, which includes
groundwater pumping system maintenance, effluent disposal, and groundwater
monitoring would be approximately $93,825.00 per year, and maintenance of a treatment
system, if required, would increase the annual maintenance cost by approximately
$10,000.00 per year. The present value for installation of a pumping system and
monitoring well installation plus pumping system maintenance and groundwater
monitoring would be approximately $536,751.00 for a 5-year period and $1,385,125.00
for a 30 year period. The present value for installation of a groundwater treatment system
in addition to the pumping system and monitoring well installation plus pumping and
treatment system maintenance and groundwater monitoring would be approximately
$828,453.00 for a 5-year period and $1,759,916.00 for a 30 year period.

e:\data\projects\HER\HER22069\HER Remedial Action Evaluation Page 27



Remedial Action Evaluation
Hercules Incorporated
Hattiesburg, Mississippi ESI
July 2004

5.0 GREEN’S CREEK

Concentrations of VOCs and dioxathion have been detected in surface water and stream
sediment samples collected from Green’s Creek at concentrations less than their
respective TRGs. TRGs are intended to apply to groundwater and soil, and are not
intended to apply to surface water and stream sediment. However, TROs are risk-based
values that represent concentrations that should be protective of human health and the
environment.

Many of the VOCs detected in the surface water and stream sediment samples collected
from Green’s Creek were also detected in samples collected from location CM-OO, which
is located within a few feet of the point where Green’s Creek enters the Hercules
property. The presence of the VOCs at the CM-OO location indicates that some, or all, of
the VOCs detected in the surface water and stream sediment of Green’s Creek collected
from locations on the Hercules property may be due to a source area upstream of the
Hercules property.

5.1 No ACTION

By definition, the “No Action” remedial option would not involve any further
investigation, monitoring, or other remedial action.

5.1.1 Long-Term Effectiveness

Due to the likelihood that many VOCs detected in samples from Green’s Creek may be
due to an upstream, offsite source, it is reasonable to assume that, if additional
constituents are not introduced to Green’s Creek from sources on the Hercules property,
surface water and stream sediment conditions would be determined by off-site sources. If
the off-site sources are addressed, the surface water quality and stream sediment quality
should either remain constant or improve in the long term. Therefore, unless there are
changes on the Hercules property or on upstream properties that result in increased risk to
Green’s Creek, a “No Action” remedial option should not result in greater risk to human
health and the environment than is currently present at the site.

5.1.2 Reduction ofMobility, Toxicity, or Volume

A “No Action” remedial option would not result in reduction of mobility or toxicity of
the VOCs or dioxathion detected in surface water or stream sediment samples.
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5.1.3 Near-Term Effectiveness

A “No Action” option would not result in any greater near-term risk to human health and
the environment than currently exists in Green’s Creek.

5.1.4 Implementability

Since there would be nothing to implement, a “No Action” remedial option would be
most readily implemented option.

5.1.5 Cost Efficiency

Since there would be no remediation, a “No Action” remedial option would be the most
cost-efficient option.

5.2 INsTITuTIoNAL CONTROLS

Institutional controls protect human health and the environment by limiting access to
areas where exposure can occur (e.g. fence) and limiting the potential use of the affected
areas (e.g. deed restriction). With respect to the Hercules site, it is already surrounded by
chain link fence that limits public access to the entire Hercules site. Consideration of
institutional controls for this RAE would be confined to use of a deed restriction to limit
future use of Green’s Creek on the Hercules property and use of the existing perimeter
fence.

A deed restriction would require agreement between Hercules and the MDEQ regarding
the exact boundaries of the area to be subject to the restriction. A physical survey of the
agreed on boundaries and a plat drawing by a registered surveyor would then be
submitted with a revised deed to Forest County.

5.2.1 Long-Term Effectiveness

The deed restriction would limit exposure to Green’s Creek by prohibiting excavation,
use of surface water for any purpose, or intrusive activities in the restricted area until
such time as the deed restriction was lifted. However, stream sediment and surface water
are mobile media, and may move onto, and off of, Hercules property with the natural
flow of the creek. Therefore, a deed restriction would have limited effect in isolating
surface water and stream sediment.
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5.2.2 Reduction ofMobility, Toxicity, or Volume

Institutional controls would restrict exposure to Green’s Creek but would not affect the
mobility, toxicity, or volume of any contamination in Green’s Creek.

5.2.3 Near-Term Effectiveness

Implementation of institutional controls would not result in increased, near-term exposure
of workers or the public to constituents in Green’s Creek.

5.2.4 Implementability

The fence is already in place and the deed restriction could be readily implemented.

5.2.5 Cost Efficiency

The estimated present cost to implement the deed restriction and maintain the fence is
approximately $14,100.00 for a 5-year period and approximately $22,409.00 for a 30-
year period.

5.3 MoNIToRED NATuRAL ATTENUATION

Monitored natural attenuation protects human health and the environment by allowing
natural processes, such as biological activity and inorganic geochemical processes, to
reduce the concentrations of VOCs and dioxathion in Green’s Creek. Periodic surface
water monitoring is conducted to ensure that concentrations of constituents above the
regulated concentrations are not migrating beyond site boundaries or otherwise pose a
risk to human health and the environment.

Since surface water and stream sediment quality information for the Hercules site
indicates that surface water and stream sediment containing VOCs and dioxathion above
the risk-based TRGs are not present in Green’s Creek on the Hercules property, the
Hercules site is suitable for application of monitored natural attenuation. This evaluation
of monitored natural attenuation includes use of previous stream sampling locations, CM-
00 through CM-05, and staff gauges SO-i through SG-4. Since surface water is the most
mobile media in a stream, surface water should be indicative of the stream conditions as
water in the stream enters and leaves the Hercules site. Therefore, this evaluation of
monitored natural attenuation of Green’s Creek includes sampling of surface water only.
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This evaluation assumes that surface monitoring would be conducted annually for two
years to establish surface water quality and hydrological parameters. Assuming that the
results of the annual monitoring demonstrate that surface water quality parameters are
stable or decreasing, the frequency of surface water monitoring would be decreased to a
frequency appropriate to monitor changes in site conditions. For this evaluation, it is
assumed that surface water monitoring frequency would continue on an annual schedule.
It is also assumed that surface water monitoring would be required for a period of at least
5 years and no more than 30 years. Data would be submitted to the MDEQ after each
monitoring event, and annual reports of the effectiveness of the remedial option would
also be submitted the MDEQ. In practice, the number of sampling points required for
monitoring, as well as the frequency of monitoring, would vary depending on changes in
site conditions and regulatory requirements.

5.3.1 Long-Term Effectiveness

Monitored natural attenuation would be effective in the long-term at ensuring that
adequate advance warning is provided if the surface water constituents due to on-site or
off site sources, begin migrating via Green’s Creek towards potential receptors.

5.3.2 Reduction ofMobility, Toxicity, or Volume

Since both stream sediment and surface water are mobile media, it would be difficult to
measure whether any reduction in contaminant concentration that is detected in samples
collected at the site is related to natural attenuation or to downstream migration.

5.3.3 Near-Term Effectiveness

There would be little adverse, near-term impacts due to surface water monitoring.
Sampling technicians may temporarily be exposed to water containing VOCs and/or
dioxathion. However, with appropriate health, safety and engineering precautions, such
risks are kept to a minimum

5.3.4 Impleinentability

Surface water monitoring could be readily implemented. The technologies are well
demonstrated and reliable. Standard equipment can be used for sample collection.
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5.3.5 Cost Efficiency

The estimated present value to conduct annual surface water monitoring for a period of 5
years is approximately $33,950.00. The estimated present value to conduct surface water
monitoring for a period of 30 years is approximately $102,747.00.
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6.0 SUMMARY AND CONCLUSIONS

For each of the remedial options considered for each area of the Hercules site, the least
cost option that can be readily implemented and is protective of human health and the
environment has been recommended. These recommendations are based on the currently
available data and reflect Eco-Systems’ professional judgement. If additional data is
collected these recommendations may need to be modified to reflect changed conditions.

6.1 SLUDGE PITS

Existing chemical and site data do not indicate that the sludge pits pose a significant risk
to human health andlor the environment. However, direct exposure to potential
constituents in the sludge could exist for workers at the site and for wildlife. The
potential also exists for indirect exposure from of potential constituents in the sludge and
from natural weather events overflowing the berms of the pits. To address the potential
direct and indirect risks associated with the sludge pits, it is recommended that the
monitored natural attenuation option discussed in Section 2.3 combined with the
institutional controls discussed in Section 2.2 be implemented for the sludge pits.
Implementation of the monitored natural attenuation and institutional controls options
would restrict future land use, limit access to the pits, and provide detection monitoring
for constituents that may migrate from the pits via groundwater in the future. The
estimated present value for deed restriction, and fence construction plus fence
maintenance and groundwater monitoring would be approximately $78,800.00 for a 5-
year period and $155,906.00 for a 30 year period.

6.2 LANDFILL

Existing data do not indicate that the landfill currently poses a risk to human health and
the environment. However, to minimize potential future risk that may be posed by the
landfill, it is recommended that monitored natural attenuation as discussed in Section 3.2
be implemented for the landfill. The monitored natural attenuation option would restrict
land use in the landfill area and provide detection monitoring for constituents that may
migrate from the pits via groundwater or surface water in the future. The estimated
present value to install three additional monitoring wells and conduct monitored natural
attenuation as described in Section 3.3 for a period of 5 years is approximately
$48,950.00. The estimated present value to install three monitoring wells and conduct
monitored natural attenuation for a period of 30 years is approximately $1 17,747.00.
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6.3 GRouNDwATER

VOCs have been detected at concentrations above TRGs in groundwater samples
primarily collected from the portion of the Hercules facility located between the main
plant area and the landfill area. However, existing groundwater quality information
indicates that groundwater containing VOCs above regulatory limits is confined to the
Hercules property. Since the existing groundwater data do not indicate that groundwater
containing VOCs above regulatory limits is currently migrating off site or that off site
migration is imminent, a program of monitored natural attenuation could be implemented
as a remedial alternative. Monitored natural attenuation would be effective in the long-
term at ensuring that natural degradation of VOCs is occurring and that adequate advance
warning is provided if the groundwater constituents begin migrating towards site
boundaries. Given sufficient time, VOCs present in the groundwater should degrade.
Minimal near-term exposure would occur due to monitoring well installation and
groundwater sampling, hut should be minimized by the use of proper health and safety
practices in the field. Monitored natural attenuation could be readily implemented. The
estimated present value to install two additional monitoring wells and conduct monitored
natural attenuation as described in Section 4.3 for a period of 5 years is approximately
$43,950.00. The estimated present value to install two monitoring wells and conduct
monitored natural attenuation for a period of 30 years is approximately $1 12,747.00.

6.4 GIEEN’s CREEK

Existing chemical and site data do not indicate that either surface water or stream
sediment in Green’s Creek pose a significant risk to human health and the environment.
However, to minimize potential future risk that may be posed by constituents in Green’s
Creek, it is recommended that monitored natural attenuation, as described in Section 5.3,
be conducted for Green’s Creek. The estimated present cost to implement the deed
restriction and maintain the fence is approximately $14,100.00 for a 5-year period and
approximately $22,409.00 for a 30-year period.
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